Introduction
============

Hepatocellular carcinoma (HCC) is a common cause of cancer-related death worldwide ([@b1-ol-0-0-11399]). Only 30% of patients with HCC receive potentially curative therapies worldwide ([@b2-ol-0-0-11399]--[@b5-ol-0-0-11399]). Recently, there has been an increase in the number of patients with intermediate HCC, mainly due to frequent recurrence/progression after treatment of HCC and an increase in the prevalence of non-viral HCC, including nonalcoholic steatohepatitis-related HCC ([@b6-ol-0-0-11399]--[@b8-ol-0-0-11399]). The majority of patients with intermediate or advanced-stage HCC generally undergo palliative treatments such as transcatheter arterial chemoembolization (TACE) ([@b9-ol-0-0-11399]--[@b11-ol-0-0-11399]) and systemic chemotherapy including multi-kinase inhibitors (MKIs) therapy ([@b12-ol-0-0-11399]--[@b14-ol-0-0-11399]).

TACE is a standard therapy for unresectable intermediate HCC, especially for patients with Barcelona Clinic Liver Cancer (BCLC) stage B ([@b15-ol-0-0-11399]). Several studies have shown that TACE significantly improves patient survival compared to the best supportive care and prolongs survival in patients with multiple HCC tumors and no macrovascular invasion ([@b11-ol-0-0-11399],[@b16-ol-0-0-11399],[@b17-ol-0-0-11399]). However, further TACE could be associated with a high rate of treatment failure, worsening liver function, and poor prognosis in patients with HCC recurrence after TACE ([@b18-ol-0-0-11399]). Since tumor factors vary in the intermediate stage of HCC, it is important to identify the indications for suitable TACE in patients with HCC.

Recurrence/progression of HCC is frequently seen after initial TACE. For recurrent HCC, further TACE is a therapeutic option that can result in complete response (CR) even in patients with advanced HCC and portal vein tumor thrombosis ([@b19-ol-0-0-11399]). On the other hand, sorafenib, an MKI, is a standard first-line systemic treatment for advanced HCC ([@b20-ol-0-0-11399],[@b21-ol-0-0-11399]). Lenvatinib is a newly developed MKI that has been shown to be non-inferior to sorafenib in overall survival (OS) ([@b22-ol-0-0-11399]) and has been approved as a first-line systemic treatment for advanced HCC ([@b22-ol-0-0-11399]). Sorafenib is reported to improve OS and time to progression in patients with intermediate or advanced HCC that is refractory to TACE ([@b23-ol-0-0-11399],[@b24-ol-0-0-11399]). Moreover, the Transcatheter Arterial Chemoembolization Therapy in Combination with Sorafenib (TACTICS) trial showed that the combination of TACE with sorafenib significantly improved the time to progression compared to TACE alone in patients with HCC ([@b25-ol-0-0-11399],[@b26-ol-0-0-11399]). However, it remains unclear if further TACE or switching to MKIs is more beneficial for patients with HCC recurrence after TACE.

The aim of this study was to identify the indications for suitable TACE in patients with intermediate stage HCC. We also investigated whether further TACE or switching to MKIs was more beneficial for patients with HCC recurrence after initial TACE.

Patients and methods
====================

### Study design

This retrospective study was carried out in a single institution. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki, as reflected by the prior approval of the ethical committee of Kurume University School of Medicine (approved no: 17205). An opt-out approach was used to obtain informed consent from the patients, and personal information was protected during data collection.

### Patients

A total of 385 consecutive patients with HCC underwent TACE between 2009 and 2016 and were registered at the Kurume University School of Medicine. Patients meeting any of the exclusion criteria below were excluded from the analysis (n=147). A total of 238 patients were included in this study. Among the included patients, 204 patients had been previously treated with radiofrequency ablation or hepatic rejection, and no patients had previously been treated with TACE.

### Inclusion and exclusion criteria

The following patient inclusion criteria were used: i) Intermediate stage HCC (BCLC stage B) according to the American Association for the Study of Liver Diseases guidelines ([@b15-ol-0-0-11399],[@b27-ol-0-0-11399]); ii) age \>18 years; iii) no previous treatment with TACE for HCC; iv) World Health Organization performance status (PS) 0, and v) complete follow-up from the initial treatment for HCC until death or the study censor date (November 30, 2018). The exclusion criteria were as follows: i) history of a malignant tumor other than HCC in the 5 years preceding this study; ii) participation in any drug trial; iii) BCLC stage 0, A, C, or D; iv) PS \>1; v) creatinine \>1.5 mg/dl; vi) infiltrative HCC; vii) presence of portal vein tumor thrombosis or extrahepatic metastasis, viii) uncontrollable ascites; ix) active esophageal varices, and x) received liver transplantation.

### Evaluation of liver function

Liver function was evaluated by Child-Pugh score, was scored with five clinical measures of liver disease, such as total bilirubin level, serum albumin level, prothrombin activity, ascites (none/mild/moderate-severe), hepatic encephalopathy (none/grade I, II/grade III, IV). For example, Child-Pugh class A is 5--6 points and least severe liver disease ([@b28-ol-0-0-11399]).

### Diagnosis and distribution of HCC

HCC was diagnosed by a tumor biopsy or a combination of tests for serum tumor makers such as alpha-fetoprotein (AFP) and des-γ-carboxy prothrombin (DCP) and imaging procedures such as ultrasonography, computed tomography, magnetic resonance imaging, and/or angiography.

For evaluation of distribution of HCC, we used arteriobiliary segmentation of liver (Healey and Schroy classification), which is consisted of following 5 segments: Anterior, posterior, medial, lateral segments, and caudate lobe ([@b29-ol-0-0-11399]). Regardless of the number of nodules, it defined the number of the liver segments occupied with nodules.

### Treatment for HCC

TACE was selected based on the evidence-based clinical practice guidelines for HCC of-BCLC staging and treatment strategy ([@b15-ol-0-0-11399]).

### TACE procedure

The hepatologist who performed the TACE procedures had more than 10 years of experience in interventional therapy at the start of this study. TACE was performed for the celiac artery and the common hepatic artery, which were catheterized with a 3 or 4 Fr catheter, and digital subtraction angiography was performed with a nonionic iodine contrast agent. After evaluation of the tumor-containing segment using imaging techniques including cone-beam computed tomography, a 1.7 or 1.9 Fr microcatheter (Piolax Inc.) was inserted into the sub- or sub-sub-hepatic segment to locate the tumor using the adapted microwire (Piolax Inc.). The catheter was advanced toward the tumor-feeding artery. Then, in conventional TACE, epirubicin was manually emulsified with lipiodol (Guerbet Co., Ltd.) depending on the size and number of tumors, and was administered followed by embolization with absorbable gelatin sponge particles (Nippon Kayaku Co., Ltd.) ([@b30-ol-0-0-11399]). A total of 20--50 mg of epirubicin or cisplatin was used. In the drug-eluting (DC) beads-TACE procedure, 30 mg of epirubicin was dissolved in 2 ml saline and loaded into the DC Beads (Eisai Co., Ltd.). After epirubicin loading, the DC Beads containing epirubicin were diluted with 18 ml of a dilution solution (1:1 saline/contrast agent). The particle size of the DC Beads was 100--300 µm. All loading procedures were performed according to the manufacturer\'s recommended protocol ([@b31-ol-0-0-11399]). After catheterization into the artery that flowed into the area where the tumor was located, the diluted DC beads were administered slowly into the artery. DC beads were administered until the disappearance of blood flow.

### Follow-up schedule after treatment of HCC

The first follow-up visit was performed approximately 1 month after TACE to assess the therapeutic efficacy, and the patients were followed up every 3 months until death or the study censor time (November 30, 2018). Each follow-up consisted of a physical examination, serum AFP and DCP examinations, and at least one imaging examination (abdominal ultrasound, enhanced computed tomography, or magnetic resonance imaging). Modified response evaluation criteria in solid tumors (RECIST) was used as the standard response criterion ([@b32-ol-0-0-11399]); CR is the disappearance of any intratumoral arterial enhancement in all target lesions, partial response (PR) is at least a 30% decrease in the sum of diameters of viable (contrast enhancement in the arterial phase) target lesions, taking as reference the baseline sum of the diameters of target lesions, progression disease (PD) is an increase of at least 20% in the sum of the diameters of viable (enhancing) target lesions, taking as reference the smallest sum of the diameters of viable (enhancing) target lesions recorded since the treatment started, stable disease (SD) is any cases that do not qualify for either PR or progressive disease. When HCC recurred, additional treatment for HCC was selected based on the evidence-based clinical practice guidelines for HCC of the BCLC staging and treatment strategy ([@b15-ol-0-0-11399]).

### Additional treatment for recurrence of HCC after initial TACE

For the recurrence of HCC after initial TACE, further TACE was generally employed according to the evidence-based clinical practice guidelines for HCC of the BCLC staging and treatment strategy ([@b15-ol-0-0-11399]). However, for the 14 patients with intermediate stage HCC and Child-Pugh class A who refused further TACE, MKIs were selected for the treatment \[sorafenib alone (n=11), sorafenib and regorafenib (n=1), and lenvatinib (n=2)\].

### Safety evaluation

Adverse events (AEs) and serious adverse events (SAEs) were monitored and recorded. AEs were assessed during both the treatment and the follow-up periods. AEs were assessed according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. For this study, adverse events were defined as those classified as greater than grade 3 according to CTCAE.

### Clinical outcomes

The primary endpoint of this study was the OS of the patients.

### Decision-tree algorithm

A decision-tree algorithm was constructed to reveal profiles associated with the prognosis of treatment with TACE-HCC and CR after initial TACE according to the instructions provided with the R software package as previously described ([@b6-ol-0-0-11399]). Following variables were used for the decision-tree analysis for OS and CR: gender, age, cause of HCC, Child-Pugh score, mRECIST, maximum nodule diameter, number of nodules, up-to-seven criteria, number of liver segments with nodule, gross classification, AFP level, and DCP level.

### Statistical analysis

All data are expressed as the number or median (range). All statistical analyses were carried out using a statistical analysis software (JMP Pro v.13; SAS Institute Inc.). OS was calculated by the Kaplan-Meier method and analyzed by the log-rank test and Bonferroni methods. Factors associated with OS and CR were evaluated using multivariate stepwise analysis and decision-tree analysis. A two-tailed P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Patient characteristics

The patients\' median age was 74 years, and 33.6% of the patients (80/238) were female ([Table I](#tI-ol-0-0-11399){ref-type="table"}). The etiology of HCC was hepatitis C virus in 77% of patients (185/238), and 68% of patients (163/238) showed Child-Pugh class A. The median tumor size was 31 mm, multiple nodules were seen in 76% of patients (183/238), and 56% of patients (135/238) were within the up-to-seven criteria which means within 7 being the sum of the maximum size and number of tumors for any given HCC ([@b33-ol-0-0-11399]) ([Table I](#tI-ol-0-0-11399){ref-type="table"}). Fifty-one percent (120/238) of patients had \<3 liver segments with nodule. In gross classification, in 59% of patients (142/238) had simple nodular type ([Table I](#tI-ol-0-0-11399){ref-type="table"}).

### Evaluation with mRECIST after initial TACE

An overall CR was observed in 27% of patients (65/238), PR in 32% of patients (77/238), stable disease (SD) in 11% of patients (28/238), and progressive disease (PD) in 30% of patients (68/238). The objective response was 59%, and the disease control rate was 70%.

### OS rate and decision-tree analysis for OS in patients with intermediate stage HCC treated with initial TACE

The OS rates were 86, 28, and 8% at 1, 3, and 5 years, respectively. The median survival time (MST) was 26.6 months. At the study censor time, 10% (24/238) of included subjects were alive. Decision-tree analysis for OS demonstrated that mRECIST was selected as the variable for the initial split, and 21% of patients with CR were alive ([Fig. 1A](#f1-ol-0-0-11399){ref-type="fig"}). In patients with PR, SD, and PD, gross classification was selected as the second split, and 10% of patients with simple nodular type were alive ([Fig. 1A](#f1-ol-0-0-11399){ref-type="fig"}).

### OS rate according to mRECIST

In the CR group, the OS rates were 98, 52, and 15% at 1, 3, and 5 years, respectively ([Fig. 1B](#f1-ol-0-0-11399){ref-type="fig"}). Meanwhile, the rates were 87, 22, and 5% in the PR group, 89, 24, and 10% in the SD group, and 73, 16, and 2% in the PD group ([Fig. 1B](#f1-ol-0-0-11399){ref-type="fig"}). According to bonferroni methods, the OS rate in the CR group was significantly higher than that in the PR, SD, and PD groups (all P\<.0001). Also, the OS rate in the PR group was significantly higher than that in the PD group (P=0.007). On the other hands, there was no significant difference in the OS rate between the PR group and the SD groups (P=0.7686), and between the SD group and the PD group (P=0.1165; [Fig. 1B](#f1-ol-0-0-11399){ref-type="fig"}).

### Decision-tree analysis for CR

In this study, CR rate was 27% (65/238) at the study censor time. To determine the profile for CR, a decision-tree analysis was performed. A decision-tree analysis identified the optimal number of liver segments to distinguish between Non-CR and CR, which nodule localized was selected as the variable for the initial split, and the CR rate was 51% in patients with \<3 liver segments with nodule ([Fig. 2A](#f2-ol-0-0-11399){ref-type="fig"}). In patients with \<3 liver segments with nodule, gross classification was selected as the second split, and the CR rate was 64% in patients with simple nodular type (Profile 1; [Fig. 2A](#f2-ol-0-0-11399){ref-type="fig"}). In patients with disease other than simple nodular type, the up-to-seven criteria were selected as the third split, and the CR rate was 35% for patients within the up-to-seven criteria (Profile 2; [Fig. 2A](#f2-ol-0-0-11399){ref-type="fig"}). Meanwhile, the CR rate was 6 and 3% in Profiles 3 and 4, respectively ([Fig. 2A](#f2-ol-0-0-11399){ref-type="fig"}).

### Logistic regression analysis for CR

Fewer than 3 liver segments with nodule, simple nodular type, and within the up-to-seven criteria were selected as the variables in a logistic regression analysis by a stepwise procedure. In the logistic regression analysis, all 3 variables were identified as independent factors for CR ([Table II](#tII-ol-0-0-11399){ref-type="table"}).

### Difference in the OS among each profile based on decision-tree analysis for CR

In Profile 1, the OS rates were 93, 45, and 13% at 1, 3, and 5 years, respectively ([Fig. 2B](#f2-ol-0-0-11399){ref-type="fig"}). In Profile 2, the OS rates were 96, 35, and 3% at 1, 3, and 5 years, respectively. Meanwhile, the OS rates were 86, 26, and 6% in Profile 3 and was 79, 16, and 3% in Profile 4 at 1, 3, and 5 years, respectively ([Fig. 2B](#f2-ol-0-0-11399){ref-type="fig"}). The OS rate in the Profile 1 was significantly higher than that in the Profile 2, Profile 3, and Profile 4 groups (P=0.006, \<.0001, and \<.0001, respectively). On the other hands, there was no significant difference in the OS rate between the Profile 2 and the Profile 3 or Profile 4 (P=0.057 and P=0.073, respectively), and between the Profile 3 and the Profile 4 (P=0.837; [Fig. 2B](#f2-ol-0-0-11399){ref-type="fig"}). MST was 36.3 months in Profile 1, 28.2 months in Profile 2, 17.2 months in Profile 3, and 21.6 months in Profile 4 ([Fig. 2B](#f2-ol-0-0-11399){ref-type="fig"}). The MST of Profile 1 and 2 was longer than that of all patients (26.6 months), and these 2 profiles were categorized as the Better Profile. Meanwhile, the MST of Profiles 3 and 4 was shorter than that of all patients, and these 2 profiles were categorized as the Worse Profile. The MST was 35.7 months in the Better Profile and 21.6 months in the Worse Profile. There was a significant difference in OS between the Better Profile and the Worse Profile ([Fig. 2C](#f2-ol-0-0-11399){ref-type="fig"}).

### Patients\' characteristics for the worse profile with child-pugh class A

To investigate the impact of MKIs for patients with HCC recurrence after TACE, we analyzed patients with Child-Pugh class A in the Worse Profile. The median age was 73 years, and 27% of patients (24/87) were female ([Table III](#tIII-ol-0-0-11399){ref-type="table"}). The etiology for HCC was hepatitis C virus in 79% of these patients (69/87). The median tumor size was 24 mm, 81% of patients (71/87) had multiple nodules, and 31% of patients (27/87) were within the up-to-seven criteria. In gross classification, simple nodular type was seen in 59% of patients (51/87). For HCC recurrence after TACE, MKIs were selected for 16.1% of patients (14/87). Meanwhile, further TACE was selected for 83.9% of patients (73/87) ([Table III](#tIII-ol-0-0-11399){ref-type="table"}).

### Decision-tree analysis for OS in the worse profile with child-pugh class A

The OS rate was 9% at the study censor time. MKIs were selected as the variable for the initial split. Although the OS rate was 4% in patients with further TACE, the OS rate was 35% in patients treated with MKIs ([Fig. 3A](#f3-ol-0-0-11399){ref-type="fig"}).

### Difference in OS between patients treated with MKIs and further TACE in the worse profile with child-pugh class A

In patients who were switched to MKIs, the OS was 100, 57, and 14% at 1, 3, and 5 years, respectively ([Fig. 3B](#f3-ol-0-0-11399){ref-type="fig"}). Meanwhile, the OS was 83, 19, and 5%, respectively, in patients treated with further TACE. The OS rate in patients switched to MKIs was significantly higher than that in patients who underwent further TACE ([Fig. 3B](#f3-ol-0-0-11399){ref-type="fig"}). The MST was 44.9 months in patients switched to MKIs and 21.9 months in patients who underwent further TACE.

### Logistic regression analysis for the prognosis of patients with the worse profile and child-pugh class A

Switching to MKIs and gross classification were selected as the variables in a logistic regression analysis by a stepwise procedure. In the logistic regression analysis, both switching to MKIs and simple nodular type were identified as independent factors for prognosis ([Table IV](#tIV-ol-0-0-11399){ref-type="table"}).

### AE and SAE

Among all patients, 2 patients (0.4%) experienced SAEs that were assessed as greater than grade 3 AEs according to CTCAE. The complication was hepatic failure in 2 (0.4%) patients after the initial TACE. However, these patients recovered completely with no aftereffects.

Discussion
==========

In the present study, we demonstrated that CR by initial TACE was the most important variable for OS in patients with intermediate stage HCC. We found that profiles associated with a high CR rate were '\<3 liver segments with nodule,' 'simple nodular type,' and 'within the up-to-seven criteria.', which are considered as suitable TACE criteria. Moreover, we showed that, in patients with ineligible for suitable TACE criteria, switching to MKIs may improve the prognosis to a greater degree than further TACE in cases of HCC recurrence after initial TACE.

TACE is a recommended therapy for intermediate stage HCC in the clinical guidelines for HCC worldwide ([@b15-ol-0-0-11399],[@b34-ol-0-0-11399]). In this study, we demonstrated that the MST was 26.6 months in patients with intermediate stage HCC who underwent initial TACE. Since the MST of intermediate stage HCC has been reported to be about 20 months ([@b15-ol-0-0-11399]), the prognosis of the patients in our study seems to be better than that in previous reports ([@b15-ol-0-0-11399],[@b27-ol-0-0-11399],[@b35-ol-0-0-11399]). HCC treatment is reported to affect the prognosis of patients with HCC ([@b11-ol-0-0-11399]). It is important to identify the best candidates for TACE to prolong the OS of patients with intermediate stage HCC.

A combination of Child-Pugh class and the up-to-seven criteria has been used as the indication for TACE ([@b36-ol-0-0-11399]). TACE is recommended for HCC within the up-to-seven criteria (BCLC-B1) with an MST of 41.0 months ([@b36-ol-0-0-11399]). However, TACE was also recommended for HCC above the up-to-seven criteria (BCLC-B2 and BCLC-B3), and the MST of BCLC-B2 and BCLC-B3 has been reported to be 22.1 and 14.1 months, respectively ([@b36-ol-0-0-11399]). In our study, the CR for initial TACE was selected as the first split factor for OS. The CR was associated with the following two profiles: Profile 1) '\<3 liver segments with nodule' and 'simple nodular type' and Profile 2) '\<3 liver segments with nodule,' 'other than simple nodule,' and 'within the up-to-seven criteria.' The MST was 35.7 months in patients with Profiles 1 and 2 (Better Profile). Thus, besides being within the up-to-seven criteria, patients with these 2 profiles are thought to be suitable for treatment with TACE. Nevertheless, the up-to-seven criteria has been reported as a prognostic factor for TACE therapy ([@b36-ol-0-0-11399],[@b37-ol-0-0-11399]), patients with the Profile 1 were divided into 'within the up-to-seven criteria' (Profile 1a; n=67) or 'out of the up-to-seven criteria' (Profile 1b; n=10). The CR rate was 67 and 50% in the Profile 1a and 1b groups, respectively ([Fig. S1](#SD1-ol-0-0-11399){ref-type="supplementary-material"}). There was no significant difference in the survival time between Profile 1a and 1b (P=0.691; [Fig. S2](#SD1-ol-0-0-11399){ref-type="supplementary-material"}). These findings further support our hypothesis that gross classification was more important than up-to-seven criteria for OS in intermediate stage HCC patients treated with TACE Based on these findings, we demonstrated tumor development and tumor properties such as \< 3 liver segments with nodule and simple nodular type to be more important prognostic factors than the up-to-seven criteria for TACE in this study.

Previous studies demonstrated that sorafenib improved OS in TACE-refractory patients with intermediate stage HCC ([@b23-ol-0-0-11399],[@b24-ol-0-0-11399],[@b38-ol-0-0-11399]), and the MST was prolonged by about 12 months with conversion to sorafenib compared to the MST with further TACE ([@b23-ol-0-0-11399],[@b38-ol-0-0-11399]). However, the effects of MKIs on OS remain unclear for patients with intermediate stage HCC who undergo treatments other than refractory TACE. In our study, we demonstrated that switching to MKIs improved the OS rates compared to further TACE in patients with HCC recurrence who did not meet our TACE criteria, in other words, those with 1) '≥3 liver segments with noduler,' 2) 'other than simple nodule,' and 3) 'out of the up-to-seven criteria'.

In this study, it was difficult to achieve CR with further TACE in such patients. Moreover, further TACE is known to worsen liver function ([@b18-ol-0-0-11399],[@b39-ol-0-0-11399]). Furthermore, TACE could induce a significant neoangiogenetic reaction by an increase of vascular endothelial growth factor level, which is a prognostic parameter of patients with HCC ([@b40-ol-0-0-11399]). Meanwhile, MKIs block vascular endothelial growth factor receptors, leading to suppression of tumor angiogenesis ([@b41-ol-0-0-11399]). Moreover, tumor growth related molecules such as Raf-1, c-kit, and platelet-derived growth factors are known prognostic factors for patients with HCC ([@b42-ol-0-0-11399]--[@b44-ol-0-0-11399]). Since MKIs inhibit Raf-1, c-kit, and platelet-derived growth factor signaling cascade ([@b45-ol-0-0-11399]), MKIs may improve the prognosis of patients with HCC through suppression of tumor angiogenesis and tumor growth. Taken together, switching to MKIs may improve the survival rate compared to further TACE in patients with HCC recurrence who do not meet the suitable TACE criteria.

The present study has several limitations. First, the study design was retrospective. Second, selection bias exists for the classification of the MKI and further TACE groups. Third, we did not evaluate the impact of progression-free survival on OS. Fourth, we do not have a weighted test program. However, a weighted test should be used for survival plots where crossover between the groups is observed. Thus, a randomized controlled prospective validation study, which incorporates progression-free survival, is required in large number of patients with intermediate stage HCC to determine the indications for suitable TACE and the optimal timing to switch to MKIs.

In conclusion, the indications for suitable TACE in patients with intermediate stage HCC may be '\<3 liver segments with nodule,' 'simple nodular type,' and 'within the up-to-seven criteria.' Moreover, in patients with HCC who do not meet the criteria for suitable TACE, switching to MKIs may be associated with a better prognosis than further TACE in patients with HCC recurrence after TACE.
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![Decision-tree algorithm for survival and OS time in patients with intermediate stage HCC. (A) Subjects were classified according to the indicated cut-off values of the variables. The pie graphs indicate the percentage of living (white)/deceased (black) patients in each group. (B) Kaplan-Meier curves for OS in all patients, and according to mRECIST for initial TACE treatment. The MST was 26.6 months in all patients. In the present study, MST was defined as the length of time after which 50% of the patients had died from the first TACE for HCC. OS, overall survival; HCC, hepatocellular carcinoma; mRECIST, modified response evaluation criteria in solid tumors; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; MST, median survival time; TACE, transcatheter arterial chemoembolization.](ol-19-04-2667-g00){#f1-ol-0-0-11399}

![Profiles associated with CR after initial transcatheter arterial chemoembolization and OS time according to the profiles. (A) Decision-tree algorithm for CR. The pie graphs indicate the percentage of CR (white)/non-CR (black) patients in each group. (B) Kaplan-Meier curves for OS. (C) Kaplan-Meier curves for OS according to the Better and Worse Profiles. The Better Profile included \<3 liver segments with nodule, simple nodular type and within the up-to-seven criteria. The Worse Profile includes ≥3 liver segments with nodule, other than simple nodular type, and above the up-to-seven criteria. CR, complete response; OS, overall survival.](ol-19-04-2667-g01){#f2-ol-0-0-11399}

![Profiles associated with survival in patients with the Worse Profile with Child-Pugh class A. (A) Decision-tree algorithm for survival in the Worse Profile with Child-Pugh class A. The pie graphs indicate the percentage of living (white)/deceased (black) patients in each group. (B) Kaplan-Meier curves for OS according to switching to MKIs and undergoing further TACE. HCC, hepatocellular carcinoma; OS, overall survival; MKIs, multi-kinase inhibitors; TACE, transcatheter arterial chemoembolization.](ol-19-04-2667-g02){#f3-ol-0-0-11399}

###### 

Patient characteristics.

  Characteristics                                                   Median (range) or n (%)
  ----------------------------------------------------------------- -------------------------
  Number                                                            238
  Therapy (C-TACE/DC Beads-TACE)                                    218/20
  Age, years (range)                                                74 (48--88)
  Sex (female/male)                                                 80 (33.6)/158 (66.4)
  Cause of HCC (HBV/HCV/Others)                                     12 (6)/185 (77)/41 (17)
  Child-Pugh score (A/B)                                            163 (68)/75 (32)
  Maximum nodule diameter, mm                                       31 (10--127)
  Number of nodules                                                 
    1                                                               55 (23)
    2                                                               29 (13)
    3                                                               21 (9)
    4                                                               46 (19)
    5                                                               36 (15)
    \>6                                                             51 (21)
  Up-to-seven criteria (within/out)                                 135 (56)/103 (42)
  Number of liver segments with tumor                               
  (\<3/≥3)                                                          120 (50.5)/118 (49.5)
  Gross classification (simple nodular/other than simple nodular)   142 (59)/96 (41)
  AFP, ng/ml                                                        36.2 (1.8--62,546)
  DCP, mAU/ml                                                       83 (9--75,000)

Data are expressed as median (range) or number (%). TACE, transcatheter arterial chemoembolization; C-TACE, conventional TACE; DC Beads-TACE, Drug-eluting Bead TACE; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatis C virus; AFP, α-fetoprotein; DCP, des-γ-carboxy prothrombin.

###### 

Multivariate analysis for complete response.

  Factors                           Odds ratio   95% CI        P-value
  --------------------------------- ------------ ------------- ----------
  \<3 liver segments with nodule    21.73        8.06--76.92   \<0.0001
  Simple nodular type               4.18         1.89--9.79    0.0003
  Within the up-to-seven criteria   3.52         1.39--9.76    0.0072

###### 

Patient characteristics for the Worse Profile with Child-Pugh A.

  Characteristics                                                   All patients, mean (range) or n (%)
  ----------------------------------------------------------------- -------------------------------------
  Number                                                            87
  Age, years                                                        73 (52--88)
  Sex (female/male)                                                 24 (27)/63 (73)
  Cause of HCC (HBV/HCV/Others)                                     6 (7)/69 (79)/12 (14)
  Maximum nodule diameter, mm                                       24 (10--127)
  Number of nodules                                                 
    1                                                               4 (5)
    2                                                               4 (5)
    3                                                               8 (10)
    4                                                               17 (19)
    5                                                               22 (25)
    \>6                                                             32 (36)
  Up-to-seven criteria (within/out)                                 27 (31)/60 (69)
  Gross classification (simple nodular/other than simple nodular)   45 (59)/42 (51)
  AFP, ng/ml                                                        36.2 (1.8--62,546)
  DCP, mAU/ml                                                       83 (9--75,000)
  Therapy following TACE (MKIs/further TACE)                        14 (16)/73 (84)

Data are expressed as median (range) or number (%). HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatis C virus; AFP, α-fetoprotein; DCP, des-γ-carboxy prothrombin; TACE, transcatheter arterial chemoembolization; MKIs; multi-kinase inhibitors.

###### 

Multivariate analysis for prognosis in patients with the Worse Profile with Child-Pugh class A.

  Factors                                 Odds ratio   95% CI       P-value
  --------------------------------------- ------------ ------------ ---------
  Switching to MKIs                       0.26         0.11--0.56   \<0.001
  Gross classification (simple nodular)   0.42         0.23--0.74   0.002

MKIs, multi-kinase inhibitors.
